Introduction
A rapid and consistent rate of estrous expression after weaning is important for efficient and profitable swine production. Numerous factors that affect the interval from weaning to first estrus in sows have been described previously (Reese et al., 1982a) . Sows that lose large quantities of weight and backfat during lactation have a higher incidence of delayed estrous expression and anestrus through 70 d after weaning than those that experience minimal losses (Reese et al., 1982a,b) .
Weight losses in lactating sows result from the catabolism of subcutaneous adipose tissue (O'Grady et al., 1975; Duee and Desmoulin, 1982) . Evidence was provided by Reese et al. (1982a) that a higher rate of amino acid catabolism occurred in sows fed low vs high energy diets during lactation. It was not possible in the study to determine whether dietary amino acids or those previously incorporated into body proteins were being catabolized to the greater extent. Because loss of muscle tissue occurs in 1236 lactating sows (O'Grady et al., 1975; Duee and Desmoulin 1982) , a possible relationship exists between muscle tissue loss and delayed estrus after weaning in energy-restricted sows. Additionally, no information is available that describes qualitative and quantitative characteristics of body fat at weaning in relation to postweaning estrus in sows.
Therefore, the experiment reported herein was designed to determine the relationship of lactation energy intake and the occurrence of postweaning estrus in primiparous sows to (1) body fat (percentage), (2) lean body mass and (3) certain qualitative and quantitative characteristics of subcutaneous adipose tissue.
Experimental Procedure
Forty-five crossbred primiparous sows were assigned randomly after parturition to either a low (Lo) or high (Hi) energy diet. Every third sow that farrowed was assigned to the Hi diet. The diets used in this experiment have been described previously (Reese et al., 1982a) . The diets were formulated to provide average energy intakes of 8 (Lo) or 16 (Hi) Meal of metaboliazble energy (ME)'sow -i'd -1 during a 28-d lactation period. All sows received the same daily quantities of crude protein, amino acids, vitamins and minerals, which met or exceeded the recommendations of the NRC (1979) . The diets were selected to produce greatly different weight and backfat losses during lactation.
Sows were moved into farrowing crates on d 106 of gestation and fed 2.3 kg of the Hi diet daily until parturition. On d 110 of gestation, indwelling Bardex Foley s catheters (size 22, 5-cc balloon type) were inserted into the bladder and urine was collected for a total of 48 h in plastic receptacles that contained 50 ml of a 10% (v/v) solution of technical grade HC1. After each 24-h period, urine was diluted with distilled water to the nearest .5 liter, thoroughly mixed and subsampled (50 ml). The subsample was placed in a plastic cup, sealed and immediately frozen (-20 C) until analysis for creatinine and urea-N as described by Frankel et al. (1970) .
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After parturition, sows were weighed and backfat measurements were obtained by ultrasonic determination 6. Measurements were taken at the first and last rib and last lumbar vertebra and averaged. To minimize variation in litter size, pigs were transferred among sows irrespective of diet until d 3 after parturition. Pigs did not receive creep feed and their access to sow feed was minimal. One day before weaning, a blood sample was collected from the brachial region of each sow 3.5 h after the morning feeding, which consisted of one-half of the daily feed allowance. The duration of the sampling period for the entire group did not exceed 30 rain. The sample was collected in an evacuated glass tube 7, placed on ice, centrifuged and aliquots of serum were transferred to sterile plastic tubes and frozen (-20 C) until analysis for creatinine and urea-N by the same procedures described for urine.
After weaning, sows were weighed and backfat thickness was determined as described previously. Last rib backfat thickness was used to estimate body fat percentage (r 2 = .72) according to the equation of Whittemore et al. (1980) . Pig weaning weight and the number of pigs weaned were recorded. Adipose tissue samples were obtained using a biopsy gun with an extended bore (Schied et al., 1970 ) from the neck area 5 cm lateral to the dorsal midline. For biopsy, the hair was clipped and the skin was disinfected with surgical soap and treated topically with a 2% solution of local anesthetic s . Tissue samples were immediately placed in plastic packs, sealed after physically excluding air, and placed on dry ice until being transferred to storage (-30 C). After sampling, wounds were treated with sulfa-urea powder.
Adipose tissue samples were analyzed for total lipid content and subsequently for individual fatty acids. Total lipid content was determined in duplicate, using the extraction procedure of Folc.h et al. (1957) . Before analysis, the outer layer of backfat was separated from the inner layer at the visible connective tissue septum. The skin was also separated from the outer layer and discarded. Approximately 2 g of the outer layer was obtained for analysis. During the extraction process, the samples were blanketed with N and(or) solvent vapor to prevent fatty acid oxidation.
The fatty acids determined were myristic (14:0), palmitic (16:0), palmitoleic (16:1), stearic (18:0), oleic (18:1) and linoleic (18:2). Individual fatty acids were separated by gas- liquid chromatography with an auto-injection chromatograph 9 and quantified by use of a reference standard 1~ Saponification and reesterification were performed in one operation according to procedures described by Supelco, Inc. l~ with methanolic-HC1 l~ used as the methylating agent. Ethyl esters were partitioned on a column packed with SP-2330 l~ after overnight conditioning at 225 C. Separation was accomplished by temperature programming with an initial column temperature of 165 C for 1 min. The temperature was set at 3.5 C/rain up to a final temperature of 210 C. Temperature of the injection port was 235 C, and the flame ionization detector temperature was maintained at 250 C. Nitrogen flow rate was 19.7 ml/min. The weaned sows were moved into crates located in an enclosed gestation facility and fed 1.8 kg'sow -i'd -1 of a gestation diet 11 (Reese et at., 1982a) . Sows were moved to pens containing a boar to check for estrus on a daily basis. On d 14 postweaning, sows were weighed and moved into farrowing crates to facilitate urine collection for creatinine and urea-N analysis as described previously. The 48-h collection period was initiated on d 15. Sows that were not previously detected in estrus were bled from the brachial region on d 14 postweaning. Sows that did not show estrus during the following 7 d were bled again at d 21 postweaning. Serum samples were processed 9 Model 5840, Hewlett-Packard, Avondale, PA. 10 Supelco Inc., Bellefonte, PA. 111.8 kg provided 5.4 Mcal of ME and 254 g crude protein.
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and stored as described above until analyzed for progesterone according to procedures described by Anthony et al. (1981) .
Diet effects on the cumulative percentage of sows in estrus by d 14 postweaning were tested using a linear model approach appropriate for categorical data (Grizzle et al., 1969) . Day of weaning was designated as d 0 in calculating the number of days to first estrus. Effects on the remaining response criteria were tested using least-squares analysis of variance (SAS, 1979; Steel and Torrie, 1980) . Mean comparisons were made between sows fed Lo that returned (Lo-R) or did not return (Lo-NR) to estrus by d 14 postweaning and sows fed Hi that returned to estrus by d 14 (Hi-R). Sows in groups Lo-R and Lo-NR were also compared. Prepartum urinary ereatinine excretion rates were used as covariates to adjust the respective values obtained after weaning for initial differences. Litter size at d 3 postpartum was used to adjust sow weight and backfat changes during lactation in addition to pig weight and litter size at weaning. Also, postpartum sow weight and backfat quantities were used to adjust changes that occurred therein during lactation.
Results and Discussion
Fewer (P<.01) sows fed Lo expressed estrus by 14 d postweaning than those fed Hi (table  1) . Previous studies (Reese et al., 1982a,b) have demonstrated similar results. One sow fed the Hi diet was not detected in estrus by d 14 postweaning. According to serum progesterone concentrations, ovulation had occurred in the absence of a detected behavioral estrus in this sow. Sows having progesterone concentrations of less than 5 ng/ml were assumed to have had luteal tissue activity indicating that ovulation had occurred. Low (<5 ng/ml) progesterone concentrations were observed in all sows fed Lo that had not been detected in estrus by d 14 postweaning. The data confirmed that reproductive dysfunction occurred through 14 d postweaning in energy-restricted sows.
The relationships of energy intake and occurrence of postweaning estrus to sow and litter performance are shown in table 2. No differences (P>.10) in average litter size or pig weaning weight were observed at 2 or 4 wk between sows in the Lo-R and Lo-NR vs Hi-R groups. Similarly, no differences were observed for the same traits between sows in the Lo-R and Lo-NR groups, although there was a tendency for the sows in the Lo-NR group to wean more pigs. Energy intake during lactation did not affect average litter size at weaning and pig weaning weight in studies where pigs received creep feed (Elsley et al., 1968 , O'Grady et al., 1973 Adam and Shearer, 1975) . In studies were pigs received no creep feed, energy consumption by the sow during lactation had no effect on litter size at weaning, but the response observed in pig weaning weight was variable (Reese et al., 1982a,b) . In view of the data reported herein, catabolism of body tissues must have occurred in sows fed the Lo diet to compensate for their energy deprivation.
Evidence of body tissue catabolism was demonstrated by the weight and backfat changes observed during lactation (table 2) . Sows in the Lo-R and Lo-NR groups lost more (P<.01) weight during both the first and second 2 wk and therefore during the entire lactation period than those in the Hi-R group. Similar results due to energy restriction during lactation have been reported previously (Elsley et al., 1968; Adam and Shearer, 1975; O'Grady et al., 1975; Reese et al., 1982a,b) . The weight loss of sows in the Lo-R group did not differ (P>.10) from that observed for those in the Lo-NR group during any time of the lactation period. These data suggest that little relationship exists between sow weight loss during lactation and the interval between weaning and first estrus. The results of Brooks et al. (1975) , Varley and Cole (1978) and Cox et al. (1983) support this conclusion. In contrast, Petherick et al. (1977) reported an association between lactation weight loss and estrous activity during lactation.
Backfat loss for sows in the Lo-R and Lo-NR groups was greater (P<.05) during the first 2 wk, the second 2 wk and for the total lactation period than that for those in the Hi-R group. However, more striking was the fact that loss of backfat for the entire lactation period was greater (P=.10) for sows in the Lo-NR group than those in the Lo-R group. As expected, large differences in body fat (percentage) at weaning were observed. Sows in the Lo-R and Lo-NR groups had less (P<.01) body fat at weaning than those in the Hi-R group. A further reduction (P<.05) in body fat content was observed in sows that experienced delayed estrus after weaning (13.1 vs 10.7% for the Lo-R and Lo-NR groups, respectively). Energy intake during lactation had similar effects on backfat quantities in other studies (O'Grady et al., 1975; Reese et al., 1982a,b) . An explanation for the increased body fat loss by sows in the Lo-NR group compared with the Lo-R group is not easy. Because sows in the Lo-NR group weaned numerically more pigs/litter than sows in the Lo-R group, a greater reliance on body reserves to meet the needs of lactation may have elicited a greater loss of body fat. Fahmy et al. (1979) analyzed records on 738 primiparous sows and observed an increase of about .62 d in the length of the interval from weaning to estrus for each pig being nursed.
Differences in body fat (percentage) at weaning between the sows in the Lo-R and Lo-NR groups occurred in the absence of differences in body weight loss during lactation. This observation suggests that sow backfat thickness and body weight are poorly correlated. Whittemore et al. (1980) reported a similar observation.
The data reported herein indicate that even under situations of substantial body weight and fat losses during lactation, sows exhibited estrus by d 14 after weaning. However, when body fat losses became severe, the occurrence of postweaning estrus was affected (group Lo-R vs Lo-NR). Cox et al. (1982) noted a similar situation in second parity sows.
Sow weight change from weaning to d 14 postweaning was affected by energy intake during lactation. The weight gain of sows in the Hi-R group was less (P<.01) than that for sows in the Lo-R and Lo-NR groups; however, the difference in weight gain of sows in the Lo-R and Lo-NR groups was indistinguishable (P>.10). Thus, weight gain after weaning appeared to be unrelated to the time at which postweaning estrus occurred. The results of Varley and Cole (1978) support this conclusion. Restriction of feed (Varley and Cole, 1976) , protein (MacPherson et al., 1969; O'Grady, 1971) and energy intake (Reese et al., 1982b) during lactation also resulted in increased net sow weight gain during the subsequent gestation period.
Reasons for the compensation in weight gain exhibited by sows fed the Lo diet are not clear. Sows fed the Lo diet weighed less at weaning than sows fed Hi, thus their energy requirements for maintenance would be lower and, consequently, more energy would be available for productive purposes. The possibility of improved nutrient utilization was refuted by Hovell et al. (1977) . In that study, sows receiving low quantities of energy and protein during gestation and lactation digested dry matter, energy and N similar to control sows when they became anestrous. Another possibility is that a portion of the weight gain of sows fed Lo comprised abnormally large quantities of water. According to Patrick et al. (1978) , feeding a high energy diet to severely malnourished children for 14 d resulted in a significant increase in total body water (percentage body weight). Although the sows fed Lo did not receive more ME after weaning than during lactation, an increased quantity of ME would become available to the sows upon weaning because the nutrient demands of lactation were removed.
The rate of amino acid catabolism during lactation was higher for sows in the Lo-R and Lo-NR groups vs the Hi-R group as evidenced by the difference (P<.01) in serum urea-N concentration (table 3) . However, serum urea-N bDenotes the diet the sows consumed and if the sows returned to estrus within 14 d of weaning (R) or not (NR).
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concentration of sows in the Lo-R group was not different (P>.10) from that observed for those in the Lo-NR group. These data indicate that an increased rate of amino acid catabolism probably occurred in energy-restricted sows. Reese et al. (1982a) reported a similar effect in energy-restricted sows. Also, elevated serum urea-N concentration was associated with slightly increased weight losses by sows fed restricted amounts of energy (Nelssen et al., 1982) . However, because a higher rate of catabolism was not observed for sows in the Lo-NR vs the Lo-R group, the increased rate of amino acid catabolism due to energy restriction apparently was not associated with delayed estrus after weaning. Serum creatinine concentration was higher (P=.07) for sows in the Lo-R and Lo-NR groups than for sows in the Hi-R group. No difference was observed between sows in the Lo-R and Lo-NR groups. Previously, Reese (1983) reported a significant increase (of the same magnitude as reported herein) in serum creatinine concentration in sows fed the Lo vs Hi diet during lactation. Serum creatinine increases with progressive wasting of muscles (Wallach, 1978) . Apparently some muscle wasting occurred in energy-restricted sows, although it was independent of the time at which estrus occurred after weaning (Lo-R vs Lo-NR, P>.10). Muscle catabolism apparently occurred in order to facilitate carbohydrate synthesis in energy-restricted sows and as a result contributed to the increased serum urea-N concentration.
From weaning to d 14 after weaning, alterations in urea-N synthesis occurred. Urea-N excretion rate was similar (P>.10) for sows in the Lo-R and Lo-NR vs Hi-R groups; however, a lower (P<.10) excretion rate was observed for sows in the Lo-NR vs the Lo-R group. The increased urea-N synthesis (demonstrated by increased serum urea-N concentration) noted earlier in sows from the Lo-R and Lo-NR vs Hi-R group was therefore transient. Reasons for the association of reduced urea-N synthesis with anestrus after weaning (Lo-NR group) are not apparent.
Creatinine excretion rates determined on d 15 and 16 postweaning were not different (P>.10) among groups of sows. However, a slight numerical reduction in creatinine excretion was observed in sows fed the Lo diet, indicating that some loss of muscle mass probably occurred during lactation. Creatinine excretion rates have been positively correlated with lean body mass in sheep (Van Niekerk et al., 1963) and humans (Forbes and Bruining, 1976) and with total body protein in sheep (Van Niekerk et al., 1963) . Determination of lean body mass was delayed until d 14 postweaning~ at which time the sows would be expected to be gaining weight. This was necessary because according to Waterlow et al. (1972) , calculating muscle mass from creatinine output is not reliable when body weight is rapidly decreasing.
Previously, muscle tissue losses were reported to occur in sows fed 12.2 Mcal of digestible energy daily compared with higher amounts during lactation, but the weaning to estrus interval was not affected (O'Grady et al., 1975) . Also, Duee and Desmoulin (1982) noted that weight loss in lactating sows was associated with mobilization of muscle tissue; however, the relationship with estrous activity after weaning was not reported. Bryant and Smith (1982) concluded that skeletal muscles of lactating ewes may undergo a controlled depletion.
Because research reported herein suggests that loss of muscle tissue in sows fed 8 Mcal of ME daily was not involved in delayed expression of estrus after weaning, catabolism of body fat rather than muscle tissue may have been the factor associated with delayed postweaning estrus. Estimates reveal that when animals rely on body tissues to supply their energy requirements, at least 80% of the energy is derived from fat and the remainder from protein (Lindsay, 1975 (table 4) . As previously discussed, measurable quantities of backfat were mobilized from sows in all groups, but the sows in the Lo-R and Lo-NR groups lost more backfat than those in the Hi-R group. Thus, not only was less backfat remaining on energy-deprived sows at weaning, the lipid content of the existing backfat was also reduced. A similar situation was observed for steers fed a submaintenance diet (Trowbridge, 1911) and for infants with protein-calorie malnutrition (Cheek et al., 1970) .
Fatty acid analysis of the lipid fraction revealed that as a percentage of methyl esters determined, the quantity of 18:0 and 18:1 was higher and lower (P=.01), respectively, for sows in the Lo-R and Lo-NR groups vs Hi-R group. The percentages of the remaining fatty acids were similar (P>.10) for sows in the Lo-R and Lo-NR groups vs the Hi-R group. Seerley and Poole (1974) noted similar changes in the fatty acid composition of 3-d-old fasted pigs compared with newborn pigs. Boyd et al. (1982) infused neonatal pigs with labeled fatty bDenotes the diet the sows consumed and if the sows returned to estrus within 14 d of weaning (R) or not (NR).
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acids and determined that 18:1 was oxidized to CO2 more rapidly than 16:0, 18:0 or 18:2.
Quantities of 14:0, 16:0, 16:1, 18:0, 18:1 and 18:2 acids were determined in this study because they comprise approximately 95% of all fatty acids in swine adipose tissue (Lodge et al. 1978) . Therefore, the data reported herein indicate that, of the fatty acids in swine adipose tissue, 18:1 contributed more than its share to the reduction in lipid content of that tissue from energy-restricted sows.
No differences in lipid and fatty acid content of adipose tissue were observed between the Lo-R and Lo-NR groups of sows. Therefore, the lack of estrous activity by d 14 postweaning cannot be explained by changes in the adipose tissue components evaluated in this study.
